Introduction
In this paper we examine the dynamic structure of stock market prices in Nigeria, testing first their degree of persistence to determine whether the market is efficient. Moreover, due to the inefficiencies found in the market, and based on the fact that stock market returns display long memory behaviour, we also examine if oil prices may have had an influence on the behaviour of the stock prices. For this purpose we first use a fractionally cointegrated model, testing if there exists a long run equilibrium relationship between the two variables.
Then, an I(d) regression model with oil prices being taken as a weakly exogenous regressor is also considered. Our results indicate that previous behaviour of oil prices determines the behaviour of the Nigerian stock market in the short run.
Modelling stock market prices in Africa is an issue that has not been investigated very much. Using simple techniques based on correlation analysis, Olowe (1998; showed that the Nigerian stock market appears to be efficient in the weak form. This was also confirmed in other studies by Samuel and Yacout (1981) , Ayadi (1984) , Omole (1997) and Oludoyi (1999) . Further work by Adelegan (2004) showed that share prices do not respond freely to forces of demand and supply, while Nwokoma (2002) found that share prices respond more to their past prices than to changes in the macroeconomic variables. In a more general context, Magnusson and Wydick (2002) examined the efficiency of African emerging stock markets, using data from eight African countries: (Botswana, Côte d'Ivoire, Ghana, Kenya, Mauritius, Nigeria, South Africa, Zimbabwe): six of the eight stock markets pass the basic hurdles of weak-form efficiency, that is, past movements in stock prices cannot be used to predict future movements in prices. In a related paper, Appiah-Kusi and Menyah (2003) also examined African stock markets. They used EGARCH-M models and tested the weak-form efficiency in eleven African markets; their results showed that the majority of the markets do not exhibit weak-form efficiency. Mlambo and Biekpe (2005) tested the efficient market hypothesis of ten African stock markets using the runs test methodology for serial dependency. It was concluded in this study that for Kenya and Zimbabwe, the weak form efficiency hypothesis could not be rejected since a significant number of stocks conformed to the random walk hypothesis. Vitali and Mollah (2010) investigated the weak-form of market efficiency in Africa by testing the random walk hypothesis through multiple approaches, specifically unit root, autocorrelation, run tests and variance ratio tests on daily price indices of seven countries for the time period 1999 -2009.
The major results in the paper rejected the random walk hypothesis for all of the countries except for South Africa.
From the above literature, it seems clear that though several papers have investigated the efficient market hypothesis in various sub-Saharan countries, most of them have focused exclusively on testing for random walks by means of unit root tests and none of them have used fractional integration as an alternative and richer approach. Moreover, these widely employed (unit root) tests, in small samples, have very low power against alternatives such as trend-stationary models (DeJong et al., 1992) , structural breaks (Campbell and Perron, 1991) , regime-switching (Nelson et al., 2001) , or fractionally integration (Diebold and Rudebusch, 1991; Hassler and Wolters, 1994; Lee and Schmidt, 1996) . As already mentioned, in this paper we focus on the latter type of alternatives, noting that fractional integration includes the classic unit root models as particular cases of interest.
On the other hand, and regarding the long run behaviour of oil prices, there is no consensus whatsoever about the order of integration of this variable. For instance, Bentzen (2007), Cunado and Pérez de Gracia (2005) , and Jalali-Naini and Asali (2004), find that several series corresponding to crude oil prices contain unit roots, whereas Postali and Picchetti (2005) and Moshiri and Foroutan (2006) find that this variable is stationary with structural changes. In addition, Gil-Alana (2001 , 2003 (Hooker, 2002, and LeBlanc and Chinn, 2004) . A number of authors have acknowledged the effects of oil prices on the dynamics of unemployment (see Gil-Alana, 2003 , among others) and international terms of trade (Backus and Crusini, 2000) .
The price of oil has been known to be an important factor which predicts significantly the fluctuations in stock prices (Jones and Kaul, 1996 Antonakakis and Filis (2013) investigated the dynamic correlation between stock markets prices and oil prices for oil importing and oil exporting countries using volatility models, and found that time varying correlations are the same in both oil importing and oil exporting countries.
Their results further showed that the correlation increases negatively in response to aggregate demand of oil prices shocks except during the 2008 global financial crisis when the oil prices lags started exhibiting positive correlation with stock markets.
In Nigeria, there are fewer empirical articles that have considered the possible relationship between oil prices and stocks in Nigeria. Adaramola (2011) considered the relationships of some macroeconomic variables with stocks using a panel model and found that oil price among other variables is significantly correlated with the behaviour of the stock market. Layade and Okoruwa (2012) also applied panel data estimation approach on agro-allied stocks in Nigeria with oil prices and obtained a significant positive relationship between oil prices and stock prices. None of these papers, neither in Nigeria nor on an international level dealt with the issue of a possible relationship between stocks and oil prices using fractional integration and cointegration techniques.
In this paper, we examine the link in the long run relationship between oil prices and activity in the stock market, using the All Share Index (ASI) of the Nigerian Stock
Exchange. The remainder of the paper is structured as follows: Section 2 is devoted to the methodology employed in the paper. Section 3 presents the data and the univariate empirical results. Section 4 focuses on the multivariate model incorporating oil prices in the stock market equation. Section 5 contains some concluding comments and extensions.
Methodology
The methodology used in the paper to examine the stochastic properties of the series is based on the concepts of unit roots and long range dependence or long memory. We initially consider testing unit roots and other nonstationarities by means of standard methods, after which we proceed to checking for long range dependence. This is due to the fact that a series may display a degree of association between the observations much higher than the one usually considered in the literature and based on autoregressions and integer degrees of differentiation.
Testing for unit roots
A difference stationary series is said to be unit integrated if the order of the integration of the series, denoted by d, is a unit value. For any general d, these processes are denoted as I(d).
In the standard case of I(d) models,
(1) with x t = 0 for t ≤ 0, and d = 1 or 2, where L is the lag-operator (Lx t = x t-1 ), and the resulting covariance stationary process u t , which is I(0) process is then obtained by taking the first or second differences. As part of the methodology in time series analysis, there is a need to check whether a series is stationary or not before using it in a regression model. Unit root tests are usually conducted by means of the classical Augmented Dickey Fuller (ADF) test of Dickey and Fuller (1979) . This test has gained popularity in testing for unit roots but it has very low power if the series under investigation is, for example, non-linear.
Macroeconomic variables often display non-linear dynamics and ADF-type tests may not be sensitive enough to judge well the level of stationarity of the series. A recent test proposed by Kapetanios, Shin and Snell (KSS, 2003) will be applied in the paper along with the ADF test to determine the level stationarity/nonstationary of the series.
The starting point in the KSS test is the same specification as in the Dickey Fuller (DF) regression model with correction for possible serial correlation defined as,
where p indicates the AR order. In this model, δ is the OLS estimate from the above regression, the ρ's are the autoregressive values, and u t is the error term assumed to be white noise. In practice, implementation of KSS often ignores the augmented component, and we then have,
derived by approximating the truncated non-linear regression model,
where γ and θ are parameters in the model and t ε is a white noise process. Both the ADF and KSS are tested using the test statistic,
where ) ( se δ is the standard error of δ estimated in (2) and (3) above. We test the null hypothesis H o : δ = 0 for unit roots against the alternative H 1 : δ < 0 for stationarity. Just as the ADF test, the KSS can be conducted on the three classical cases of i) no intercept in the regression model; ii) with an intercept only and iii) in the presence of both, an intercept and a linear time trend. The details of the test statistic and asymptotic critical points for the ADF test are given in Dickey and Fuller (1979) , Davidson and Mackinnon (1993), Hamilton (1994) and Hayashi (2000) . That of the KSS test can be found in Kapetanios, Shin and Snell (2003) .
The Fractional I(d) process
We can provide two definitions of long memory, one in the frequency domain and the other in the time domain. Let us consider a zero-mean covariance stationary process, {x t , t = 0, ±1, ... } with autocovariance function γ u = E(x t x t+u ). The time domain definition of long memory states that:
Assume that x t has an absolutely continuous spectral distribution, so that it has a spectral density function, f(λ); according to the frequency domain definition of long memory, the spectral density function is unbounded at some frequency λ in the interval [0, π), i.e.,
Most of the existing empirical literature considers the case when the singularity or pole in the spectrum occurs at the zero frequency. This is the standard case of the I(d) models as in equation (1) The methodology employed here to estimate the fractional differencing parameter is based on the Whittle function in the frequency domain (Dahlhaus, 1989) . We also employ a testing procedure developed by Robinson (1994) allowing to test for any real value of d in I(d) models. This method is based on the Lagrange Multiplier (LM) procedure and is the most efficient one in the context of fractional integration. We consider the following model:
where y t is the observed time series, z t is a (kx1) vector of deterministic terms or weakly exogenous regressors, and thus it may include an intercept (z t = 1) or an intercept with a linear trend (i.e., z t = (1,t) (6), and based on its parametric nature, we need to include a a specific model for the I(0) disturbances. Robinson (1994) showed that, under certain very mild regularity conditions, the LMbased statistic 2 ( r ):
where " → d " stands for convergence in distribution, and this limit behaviour holds independently of the regressors z t used in (6) and the specific model for the I(0) disturbances u t in (1).
Alternatively to the methods presented, we could have employed Wald and LR test statistics against fractional alternatives with the same null and limit theory as the LM test of Robinson (1994) . Lobato and Velasco (2007) essentially employed such a Wald testing procedure, although this method requires a consistent estimate of d, and therefore the LM test of Robinson (1994) seems computationally more attractive. Other methods, such as the one developed by Demetrescu, Kuzin and Hassler (2008) , which have been shown to be robust with respect to unconditional heteroscedasticity, were also implemented leading to practically the same results as those reported in the paper.
3.
Empirical results
The Data
The data used in this study are the monthly Nigerian stocks (All Share Index) and Crude Oil 
[Insert Figures 1 and 2 about here]
We first tested for the presence of unit roots in the two series. The null hypotheses of unit roots in both ASI and oil prices cannot be rejected at the 5% level as shown in the results of the ADF and KSS tests in Table 1 (i) and (ii) respectively. However, as earlier mentioned, these results should be taken with caution noting the low power of these tests in the context of fractional integration.
[Insert Table 1 about here]
We next estimate the parameters of the model given by the equations (6) and (1) 
assuming first that the disturbance term u t is a white noise process, and then considering the possibility of weak autocorrelation, first with the model of Bloomfield (1973) 3 and then using a seasonal AR (1) Robinson (1994) , for the three standard cases of no deterministic terms (β 0 = β 1 = 0 a priori in equation (8)), an intercept (β 0 unknown and β 1 = 0), and an intercept with a linear trend (β 0 and β 1 unknown). The test results presented above suggest that the series are I(d) with d slightly above 1. In fact, the confidence intervals exclude the unit root (i.e. d = 1) in the majority of the cases. The only case where the unit root null hypothesis cannot be rejected corresponds to the oil prices series with Bloomfield disturbances. Focusing on the deterministic terms, the time trend coefficient was found to be statistically insignificant in all cases, while the intercept was significant. The estimated fractional differencing parameter was found to be about 1.20 for the stock market index, and between 1.01 and 1.34 for the oil prices depending on the specification of the disturbance term. Moreover, the fact that the confidence intervals overlap suggest that the two series may display the same degree of integration. In fact, we tested the equality of the order of integration of the two variables using an adaptation of Robinson and Yajima's (2002) statistic with log-periodogram estimation and different trimming and bandwidth numbers, and evidence of an equal order of integration was obtained in all cases. This will enable us to study the possibility of fractional cointegration in the following section.
The influence of oil prices
Two approaches were examined in the multivariate framework. On the one hand, the possibility of fractional cointegration was taken into account. On the other hand, a long 4
Higher seasonal AR orders produces virtually the same results in all cases.
memory regression model including (present and past values of) oil prices as a weakly exogenous regressor was examined.
We started with the fractional cointegration framework. Based on the assumption that the two series displays the same degree of integration, 3 we conducted first the Hausman test for no cointegration of Marinucci and Robinson (2001) comparing estimates of d based on the log-periodogram with a more efficient bivariate method based on the Whittle function and which makes uses of the information of equal orders of integration. Using this approach the test rejected the hypothesis of cointegration at the 5% level, and the same evidence was obtained when using the methodology devised in Gil-Alana and Hualde (2008) and using Robinson and Hualde's (2003) approach. To summarize, we noticed that the order of integration of the two parent series was very similar to the one obtained in the hypothesized cointegrated relationship, being the latter slightly above 1 though smaller than the one achieved in the individual series. Due to this lack of cointegration, we consider the second approach based on an I(d) model with the oil prices acting as weakly exogenous regressors.
We consider here the following model:
where SMP t refers to the Stock Market Prices and OP t is Oil prices, and we consider different types of I(0) disturbances (white noise, Bloomfield autocorrelated and seasonal AR), and k = 0, 1, 2, 3, 4, 5 and 6. In this set-up, d indicates the degree of persistence, and β is an indicator of the effect on present (and past) oil prices on the stock market prices.
[Insert Tables 3 -5 about here]
The results are reported in Tables 3 -5 respectively for the cases of white noise,
Bloomfield and seasonal AR disturbances. They are very similar across the three tables and consistent with the above comment on the lack of cointegration, the orders of integration in (11) is equal to or above 1 in the three models. We also observe a significant positive coefficient for the first three periods. This indicates an instantaneous significant positive effect (k = 0) that remains significant albeit with a smaller magnitude during the following two periods. After three periods (months) the effect becomes statistically insignificant in the three models.
Concluding comments
This paper deals with the analysis of stock market prices in Nigeria and its relation with the oil prices. We first investigated the order of integration of the series by using long range dependence techniques and fractional integration. The results showed that the ASI series displays long memory returns with orders of integration for the logged prices above 1 in the majority of the cases. Performing the same type of analysis on the crude oil prices, the results were fairly similar and in fact, we could not reject the null hypothesis of an equal order of integration in the two series. Testing the null of cointegration, this hypothesis was decisively rejected, showing no evidence of a smaller order of integration in a potential long run equilibrium relationship between the variables. However, performing a model where oil prices acted as a weakly exogenous regressor, we showed that the estimated coefficient was significantly positive, not only instantaneously, but also if lagged periods were considered.
In fact, the value remains significant during the first three periods, implying a relationship between the two variables in the short run. This result is in agreement with Adaramola (2011) and Layade and Okoruwa (2012) . A marginal monthly change in the price of barrel of crude oil is expected to cause a greater effect on the market and the market re-adjusts a few days later. The higher the crude oil prices, the more the revenue that is generated in the country, and this is translated to more income for the citizens. Consequently they invest more in stocks. 
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